Estimates of the minimal clinically important difference (MCID) for physical activity (PA) in chronic obstructive pulmonary disease (COPD) are needed. The objective is to provide an anchor-based estimate of the MCID for daily step count. PA was promoted in persons with COPD using a pedometer (Omron HJ-720ITC) alone or a pedometer plus interactive website for 3 months. Participants wore the pedometer daily and received phone calls monthly to ascertain medical events. Medical events were counted when a participant self-reported that he/she had (1) worsening of breathing, (2) change to breathing medications, (3) medical care from an emergency room for any reason, or (4) hospitalization for any reason. Generalized linear regression models assessed daily step count as change at the end of study and averaged over the 15, 31, or 61 days centered on the event, in those with an event compared to those without one. All categories of events carried equal weight in the analyses. We studied 93 persons, 46 of whom had an event. Participants who experienced an event had a decrease of 1086 (95% confidence interval (CI): À2124 to À48) or 887 (95% CI: À2030 to 257) steps/day in the pedometer plus website or pedometer alone groups, respectively, compared to those without one. In the days centered on an event, participants who had an event experienced a decrease of 882-983 steps/day (pedometer plus website) or a decrease of 351-495 steps/day (pedometer alone), compared to those without one. The MCID for PA in COPD ranges from 350 steps/day to 1100 steps/day.
Introduction
Increasing physical activity (PA) is recommended for all patients with chronic obstructive pulmonary disease (COPD). 1 Lower levels of PA are associated with increased risk of adverse medical events including acute exacerbations (AEs), hospital (re)admissions, and death, independent of lung function. [2] [3] [4] [5] Studies to date have examined PA in patients with stable disease. [2] [3] [4] [5] However, the clinical course of COPD is punctuated with AEs, and patients have multiple comorbidities resulting in clinically significant medical events. 1, 6, 7 Little is known about changes in directly measured PA when a person with COPD gets sick-immediately before, during, and after the onset of either an AE or a medical event. Studies have been limited by lack of direct comparison to persons who have not had an event and by inability to quantify PA immediately preceding the occurrence of an event. [8] [9] [10] [11] Knowledge of these acute changes would provide an estimate for the minimal clinically important difference (MCID) of PA, anchored to a significant clinical event. Estimates for the MCID for PA would allow interpretation of changes in PA in clinical and research settings, as for other COPD outcomes. 12, 13 The MCID can be used when assessing PA change in individuals in a clinical setting in response to a treatment intervention, for counseling after a medical event has occurred, and for sample size calculations in designing a trial for which PA is the primary outcome.
The only published study to date used distributionbased approaches to estimate the minimal important difference for PA in a cohort undergoing pulmonary rehabilitation with expected improvements in PA. 14 However, anchor-based methods are recommended as the primary means to obtain estimates of MCID. 15 Distribution-based methods rely solely on the statistical properties of the measure in a population. Therefore, these thresholds may not be considered clinically important. Anchor-based methods incorporate the patient's perspective regarding the change in their status or medical events (AEs, emergency room (ER) visits, and hospitalizations) that are of indisputable clinical importance. Furthermore, no study to date has examined changes in directly measured PA in COPD associated with worsening health status or used a comparison group of persons with no events or no expected changes.
PA interventions that ask participants to wear a monitoring device every day provide a unique opportunity to prospectively and objectively measure PA immediately before, during, and after the onset of medical events. We developed a PA intervention that combines the Omron HJ-720ITC pedometer (Omron Healthcare, Inc., Bannockburn, Illinois, USA) and a website that provides goal setting, feedback, motivational and educational content, and social support to promote PA in persons with COPD. In two studies, we have shown its efficacy to increase daily step counts 16, 17 and improve health-related quality of life (HRQL) 16 in persons with stable COPD. In one of the studies, 17 participants wore the Omron pedometer every day for 3 months, and the occurrence of clinically significant medical events was ascertained monthly (Clinical Trials.gov NCT 01772082). In this secondary analysis, our goal is to characterize the magnitude of change in PA around the time of a medical event and provide an anchor-based estimate of the MCID for PA.
Methods

Participant selection and study design
Details on participant selection and study design have been previously published. 17 Briefly, eligible participants were at least 40 years of age, had COPD defined as a smoking history of >10 pack-years and a ratio of forced expiratory volume in one second (FEV 1 ) to forced vital capacity <0.70 or emphysema on chest computed tomography, had a health-care provider who provided medical clearance, and had access to a personal computer with an Internet connection and a USB port. 17 Exclusion criteria included inability to ambulate and unstable cardiovascular disease. 17 The protocol (#2328) was approved by the VA Boston Healthcare System Committee on Human Research, and written informed consent obtained from each participant.
PA promotion groups
Participants in both groups, pedometer plus website or pedometer alone, were instructed to wear the Omron pedometer every day for 3 months when stable and during clinically significant medical events. 17 They were asked to upload step-count data via the study website. The pedometer plus website group received weekly step-count goals and access to motivational and educational content on the website. 16, 17 At study entry, persons in the pedometer alone group received written materials about exercise in COPD. During the study, they received no instructions to exercise and were not assigned step-count goals.
Clinically significant medical events
In semi-structured telephone interviews conducted monthly for 3 months, participants in both groups were queried if they (1) had experienced worsening of their breathing, (2) had changes to their breathing medications, (3) had sought medical care from an ER for any reason, or (4) had been hospitalized for any reason (see Online Supplementary Material). All four categories of events carried equal weight in the analyses. Worsening of breathing was determined by the participant and self-reported at the monthly phone contacts. If the worsening of breathing resulted in health-care utilization such as an ER visit or hospitalization, we confirmed these events through medical record review. Changes in breathing medication referred to the following: corticosteroids, antibiotics, inhaled beta agonist, or any bronchodilator. If medication changes for breathing problems were reported, participants were asked about the use of antibiotics or systemic corticosteroids to determine whether the event was an AE. 2, 6 Two investigators, blinded to baseline characteristics, determined the nature of each event.
2 For each medical event, the anchor date was the onset date for the event. If a subject reported more than one medical event, the date of the first event was used whenever possible. For subjects with no events, the anchor date was the date of the month-2 phone call. An event was included in these analyses if valid step-count data were available for more than half the days before and for more than half the days after the anchor date.
Assessment of daily step counts
At baseline and 3 months, daily step count was averaged over at least 5 wear days of 7 days. Participants were instructed to wear the pedometer every day during awake hours for 7 days. Participants were blinded to their step counts during the collection period since the face of the pedometer was covered with a sticker. They were instructed to go about their usual physical activities. After 7 days, participants uploaded their step-count data to the study server. Baseline daily step count was averaged over at least 5 wear days of 7 days. A wear day was defined as one with >200 steps and >8 hours of wear time. 18, 19 To comprehensively and accurately reflect the time periods of baseline, the onset of a medical event and deterioration in clinical status, and recovery, 20 daily step counts were also averaged over the 15 (7 days before and 7 days after the onset of event), 31 (15 days before and 15 days after), or 61 (30 days before and 30 days after) days centered on the anchor date.
Clinical assessments
Participants were characterized at baseline. We obtained a medical history of cigarette use, comorbidities, medication use, current oxygen use, prior participation in pulmonary rehabilitation, and occurrence of an AE (i.e. if they had received treatment with prednisone for breathing problems) or hospitalization in the year prior to enrollment. FEV 1 was measured using an Eaglet spirometer (nSpire Health, Inc., Longmont, CO, USA). 22 Six-minute walk test (6MWT) was performed according to ATS guidelines 21 ; a practice walk was not completed. HRQL was assessed with the St. George's Respiratory Questionnaire Total Score (SGRQ-TS). 23 Scores range from 0 to 100 with lower scores indicating better HRQL. Dyspnea was assessed with the Modified Medical Research Council (MMRC) scale 24 and depression with the Beck Depression Inventory-II (BDI-II). 25 BDI-II items are rated on a four-point scale ranging from 0 to 3 based on severity of each item. The maximum total score is 63. Total score of 0-13 is considered minimal range, 14-19 is mild, 20-28 is moderate, and 29-63 is severe. In this study, participants with a BDI-II total score >14, with the patient's permission, had their primary health-care providers informed of the results, with the suggestion that they consider evaluation and/ or treatment of depression.
Statistical analysis
Descriptive results are reported as mean + standard deviation (SD) or frequency (percentage). Twosample t tests or Wilcoxon rank sum tests, as appropriate, compared baseline characteristics between those with an event versus those with no event. The MCID was calculated using anchor-based approaches. 15 Daily step count was examined in two ways: (1) the difference in step count at the end of study compared to baseline and (2) averaged over the 15, 31, or 61 days centered on the anchor date. Generalized linear regression models (PROC GLM, SAS 9.4; SAS Institute, Cary, North Carolina, USA) assessed daily step count in those who had a medical event compared to those who did not have an event, adjusting for baseline variables that were significantly different between groups. Distribution-based estimates, including empirical rule effect size, effect size, and 0.5 times SD, were also calculated. [13] [14] [15] Analyses were conducted separately in the pedometer plus website and the pedometer alone groups. Figure 1 shows the CONSORT for participants analyzed for this secondary analysis compared to the participants randomized in the primary study. 17 Fortysix participants had a medical event and sufficient step-count data for analyses. Forty-seven persons reported no medical event and had sufficient stepcount data. Thus, 93 persons were included in the analyses, 50 of whom were in the pedometer plus website group (30 of whom had an event and 20 had no event), and 43 were in the pedometer alone group (16 of whom had an event and 27 had no event). Baseline subject characteristics for those randomized and analyzed were no different from those randomized but not analyzed (see Online Supplementary  Table S1 ).
Results
Subject characteristics
For the cohort, mean age was 69 + 8 years and mean FEV 1 1.86 + 0.6 L, 63 + 22% predicted. Table 1 shows that those with an event had a significantly higher BDI-II depression score than those with no event, p ¼ 0.03. There were no baseline differences between those with or without events with respect to baseline daily step count, age, FEV 1 % predicted, 6MWT distance, SGRQ-TS, MMRC dyspnea score, and season of enrollment. There was no difference between those with or without events in terms of number of participants who had an AE or any cause hospitalization in the year prior to enrollment (Table 1) . There was no difference in baseline characteristics between those assigned to the pedometer plus website group versus pedometer alone group (see Online Supplementary Table S2 ).
Clinically significant medical events
There was a total of 46 events, 33 (72%) of which were pulmonary ones ( Table 2) . Thirty-two (70%) of the 46 events were confirmed with medical records, including 18 of the 25 (72%) with worsened breathing, 8 of the 13 (62%) ER visits, and 2 of the 2 (100%) hospitalizations. Over the 3-month study, 16, 17, and 13 events occurred in month 1, 2, and 3, respectively. The first reported event was used for all but five participants, in whom insufficient step-count data were available before and after the first event, so a subsequent event served as the anchor date. For those with no events, the date of the month-2 phone call was used as the anchor date for 41 participants, and the date of the month-1 phone call was used for 6 participants in whom insufficient step-count data were available at month 2.
Daily step count: MCID for clinically significant medical event
Generalized linear regression models, adjusted for BDI-II depression score which differed significantly at baseline between those with an event and those with no event, showed that participants in the pedometer plus website group who had an event had a decrease of 1086 (95% confidence interval (CI): À2124 to À48) steps/day at the end of study, compared to those with no events (Table 3) . Similarly, those in the pedometer alone group with an event had a decrease of 887 (95% CI: À2030 to 257) steps/day compared to those with no event (Table 3) .
Examining daily step counts averaged over the 15 days around the anchor date in the pedometer plus website group, generalized linear regression models showed that those with an event walked on average 983 fewer (95% CI: À1898 to À67) steps per day than those with no event, adjusting for baseline step count and BDI-II depression score (Table 4) . Similar declines of À973 (95% CI: À1794 to À153) and À882 (95% CI: À1697 to À67) were observed when daily step count was averaged over 31 and 61 days, respectively, around the anchor date. Results in the pedometer alone group comparing those with an event to those with no event showed decreases in step count by 351-495 (p values ¼ 0.41, 0.44, and 0.54) steps/ day (Table 4) .
Distribution-based methods provided estimates to support the anchor-based calculations (Table 5) . At baseline in participants with an event, daily step count in the pedometer plus website group versus the pedometer alone group was 2992 + 1684 and 4272 + 2306, respectively. Using these SD values, in the pedometer plus website group, the MCID estimates ranged from 842 steps/day to 906 steps/day. In the pedometer alone group, the MCID estimates ranged from 939 steps/day to 1153 steps/day.
Discussion
Persons with COPD who have a clinically significant medical event experience a decrease in PA in the range of 350 steps/day to 1100 steps/day compared to persons with no events.
To the best of our knowledge, these results represent the first estimates of the MCID of PA using an anchor-based approach, with clear deteriorations in clinical status and a comparison group of persons who did not experience a medical event. Since anchorbased methods are recommended as the primary means to obtain clinically meaningful estimates of the MCID, 15 our results significantly extend the current literature. Daily step count was examined in two ways-as the difference at the end of study compared to baseline and over three different time intervals around the anchor date of the medical event-both of which provided similar estimates. Although estimates of the MCID are not defined by statistical significance, our values in the pedometer plus website group were also statistically significant.
Using distribution-based methods, our values further support the range of MCID estimates obtained by an anchor-based method. Our values from both methods are strikingly similar to the range for the minimal important difference in PA from 599 steps/day to 1131 steps/day reported by Demeyer et al. using distribution-based approaches in a population undergoing pulmonary rehabilitation.
14 Taken together, these results support that the MCID of daily step count defined by a clinical deterioration is very similar to that defined by an improvement in health status. It is a strength that we have examined MCID during clinical deterioration, providing a complementary and corroborating result that extends the Demeyer et al. findings. To be robust in the estimates, the MCID should be evaluated from both perspectives of clinically significant improvements and significant decrements. 26 It should not be assumed that they are the same. Our current results contribute to the interpretation of PA and support its use as a clinical and research outcome in COPD. Our estimated MCID can aid power calculations when designing research studies and interpretation of changes in PA in clinical settings.
Strengths of the current study include the ability to directly monitor PA before the occurrence of a medical event and the use of a comparison group of persons with no events. It has been shown that 86% of AEs recover to baseline symptoms within 35 days, but there is a wide range in recovery time 20 using 7-, 15-, and 30-day time windows around the date of events in our study provide accurate and detailed PA assessments at baseline, during deterioration, and recovery from an event. In the current study, the evaluation of two groups undergoing active PA promotion, that is, pedometer plus website or pedometer alone, is a strength since our results demonstrate changes in daily step count during a medical event at a time when patients are encouraged to increase PA. Thus, our estimates likely reflect the "minimum" change in daily step count that can be regarded as important and are unlikely to overestimate the MCID. 15 Our study has several limitations. This is a single center study in a cohort of predominantly White male participants. Only 70% of the self-reported events were confirmed by medical records, but it is specifically patient report that identifies the changes in medical status needed for MCID calculations. 15 We acknowledge that the various types of medical events assessed may have different impacts on PA, but all events were meaningful to the patient, and the overall sample size limited analyses by subtype of medical event. There may have been a Hawthorne effect as all participants received a pedometer. Since they received the pedometer at study entry, it is unlikely that they changed walking behavior because of the pedometer at the time of an event during the study. Participants were enrolled and monitored in an ongoing walking study so their perception of clinical change was not influenced by the initiation of PA monitoring at the immediate time of an event. We believe that the nonsignificant finding in the pedometer alone group is related to the small sample size, and larger studies are needed to corroborate our findings. Although not statistically significant, the change in step counts is clinically relevant.
The confidence intervals around the MCID estimates are wide demonstrating the difficulty of producing an MCID for such a varied outcome measure as daily step count. We considered combining the participants into one cohort, but the two groups received very different interventions that most likely differentially impacted the change of daily step counts around the occurrence of medical events. Participants were instructed to wear the pedometer upon awakening and to remove it upon going to bed. Although we excluded days with < 200 steps and < 8 hours of wear time, we did not objectively assess and adjust for actual hours of wear time.
In conclusion, persons with COPD who have a clinically significant adverse medical event experience a decrease in PA in the range of 350 steps/day to 1100 steps/day compared to persons with no events, providing an anchor-based estimate for the MCID. Additional evidence using different clinical anchors is needed to strengthen confidence in these MCID values.
